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ABSTRACT 
To assess the performance of the Nikon Retinomax, 61 normal eyes were 
refracted with a Nikon Retinomax, a Nidek AR-1100, static retinoscopy and a 
subjective refraction. The results of the Nikon Retinomax refractions were 
compared to the other methods. Compared to subjective refraction, the 
Retinomax refracted the sphere value to within± 0.75D for 80% of subjects. 
The cylinder power (for subjects with cylinder>- 0.75 D) was within ±0.50 D for 
78% of subjects, and axis was within 15 degrees for 83% of these subjects. 
Snellen acuities for Retinomax generated refractions were 20/30 or better for 
90% of subjects. The largest errors were found on those who where greater 
than -4.00 D. The Nikon Retinomax was found to be a clinically suitable 
substitute for retinoscopy and tabletop autorefractors. 
Keywords: autorefractor, autorefraction, refraction, Nikon Retinomax, Nidek 
AR-11 00, retinoscopy 
INTRODUCTION 
The Retinomax is manufactured by Nikon and is the only handheld 
autorefractor currently available. It has a power range of -18.00 D to +22.00 D 
sphere and 8.00 D cylinder in 0.25 D steps. The axis is measured in 1 o steps. 
The Retinomax includes a forehead rest that extends from the unit to help 
stabilize it and aid focusing. For accurate measurements Nikon recommends a 
slightly dim room illumination and a minimum pupil size of 2.7 mm. During 
normal operation, the image is slightly fogged to relax accommodative 
response of the patient. Each measurement, including autofogging, takes 0.2 
seconds and is captured automatically when the machine is in proper focus. 
The Retinomax continuously takes readings while the machine is in focus. 
Eight readings are stored and averaged for each eye at a time. The Retinomax 
automatically determines right eye or left eye, or can be manually set for right or 
left eye. The target seen by the patient is a Christmas tree in a field before a 
blue sky. 
The Retinomax includes a feature that allows the operator to adjust the 
axis by 90° steps. This permits readings to be taken from bedside or chairside 
of a supine patient. Another feature eliminates the automatic fogging sequence, 
allowing readings to be captured quickly, a useful feature for autorefraction with 
young children. 
The unit consists of the Retinomax, a charging base, a printer and two 
batteries. The base is plugged into an outlet and the printer attaches to the 
base. Readings from the Retinomax are printed remotely by pushing a button 
on the Retinomax. A later model of the Retinomax also includes an 
autokeratometer. 
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Today, it is not a question of whether or not to incorporate autorefraction, 
but rather how to incorporate autorefraction. In clinical optometric practice, the 
autorefractor is often used as a pre-exam substitute for or in addition to 
retinoscopy. Retinoscopy is retained by many clinicians because it provides an 
objective assessment of the refraction and an indication of any optical 
aberrations of the eye. Retinoscopy also offers information on the stability and 
posture of accommodation. Autorefraction has the benefit of being easily 
delegated to office staff with a minimum of training. Prior to the Retinomax, the 
autorefractor was a tabletop unit that measured and printed the refractive status 
of each eye. Several brands and models of autorefractor are available to the 
clinician, and many of these have been clinically evaluated in the optometric 
literature. (sources 1-9) Although autorefraction is not often expected to 
substitute for subjective refraction, it is most informative to compare its 
performance to that criteria. Also of interest is the comparison of autorefraction 
to retinoscopy, which it often replaces. For this study we have attempted to 
complete all of these comparisons for the Retinomax as well as comparing it to 
a tabletop autorefractor, the Nidek AR-11 00, since many clinicians will want to 
know how a handheld unit compares to a tabletop unit that is already in wide 
clinical use. 
In optometric and ophthalmologic literature, there exists a wide body of 
research devoted to the evaluation of autorefractors. Most such studies 
compare the autorefractor result to a subjective refraction, retinoscopy or both. 
A few have undertaken to compare autorefractors to one another. The aim of 
this study is to evaluate the accuracy and precision of the Nikon Retinomax 
autorefractor based on clinically relevant criteria. 
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METHOD 
Sixty one subjects (32 male and 29 female) were selected for this study. 
The subjects' ages varied between 8 and 56 years with a mean of 30 years. 
The refractive errors ranged from + 1 .25 D to -7.75 D of sphere power with up to 
2.25 D of minus cylinder power (see Tables 1 and 2). The criteria for subject 
population was best corrected visual acuity of 20/20 or better with no ocular 
pathology. Each subject was refracted with the handheld Nikon Retinomax, the 
tabletop Nidek AR-11 00, static retinoscopy and a subjective refraction. To rule 
out any correlational effects, only data from the right eye of each subject was 
collected. 
The refractive error of each subject was measured first with the Nidek 
AR-11 00 and then with the Nikon Retinomax. All auto refractor measurements 
were taken by the same researcher. The autorefractors were placed in 
adjoining rooms with equally dim illumination. This illumination increased 
subject pupil size thereby enhancing autorefractor performance. When using 
the Nidek AR-11 00, the subject's head was stabilized by the chin and forehead 
rests on the equipment. For Retinomax readings, the subject was seated in an 
exam chair, head aligned in the head rest. The forehead rest of the Retinomax 
was used for each subject. 
Three measurements were taken with the Nidek AR-1100. The examiner 
focused and aligned the instrument between each reading. The Nidek AR-1100 
computes and prints an intermediate value for sphere power, cylinder power 
and cylinder axis. 
Next, three measurements were taken with the Nikon Retinomax. Once 
turned on and aligned, the Nikon Retinomax automatically begins to record 
refractive error. The readings are taken in quick succession and up to eight are 
stored, averaged and printed. Like the Nidek, this instrument computes an 
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average value for sphere power, cylinder power and cylinder axis. Three such 
values were obtained. The examiner focused and aligned the instrument 
between each reading. To arrive at a single refraction, the examiner manually 
calculated an average of the sphere powers, cylinder powers and axis 
measurements individually from the three readings printed by the Retinomax. 
The subject was then taken to a refracting room where a second examiner 
performed static retinoscopy, a bichrome test, Jackson Cross Cylinder (JCC) 
test and a monocular subjective best visual acuity (MSBVA) test. Again, the 
examiner insured that the subject had their head firmly against the head rest of 
the chair, the subject had their head straight, and the phoropter was positioned 
to have the same vertex distance for each subject. For this portion, the 
retinoscopy lens along with the MSBVA lens were recorded and visual acuity 
was taken through each. 
To avoid researcher bias, autorefractor data was concealed from the 
second examiner until the subjective refraction was completed and recorded. 
Then, the examiner dialed the respective refraction generated by each 
autorefractor into the phoropter and determined each subject's visual acuity 
through these lenses. 
RESULTS 
An analysis of variance with a Scheffe F-test (90% level of significance) 
and a simple regression were performed to determine the relationship between 
the objective and subjective findings, as well as between the two instruments. 
Precision The repeatability of each of the autorefractors was determined 
on a test-retest basis. Both the Nidek and the Retinomax showed good internal 
precision on the sphere and cylinder values. No significant differences were 
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found between any of the three trials for either of the two autorefractors. These 
values are tabulated in Table 3. 
Table 4 shows whether refraction comparisons had a significant 
difference. The Nidek average sphere value compared to the retinoscopy 
sphere value was not significantly different. The same is true for the 
comparison of the cylinder power values and visual acuity measurements. 
The Retinomax average sphere and retinoscopy sphere values were 
compared and found to be significantly different. The Retinomax average 
cylinder and retinoscopy cylinder power values were compared and showed no 
significant difference. Visual acuity comparisons resulted in significant 
difference. 
When the Nidek average sphere value was compared to the subjective 
sphere value, there was a positive correlation of r2 = .983. However, there was 
a significant difference between the two sphere values. This is also true when 
comparing the average Nidek cylinder to the subjective cylinder power. There 
was no significant difference found when comparing the visual acuity measured 
from either method. 
When the Retinomax average sphere value was compared to the 
subjective sphere value, there was a positive correlation of r2 = .966. Once 
again, there was a significant difference found between the two sphere values. 
The average Retinomax cylinder value when compared to the subjective 
cylinder value showed no significant difference. There was a sign ificant 
difference found when comparing the visual acuity measured from either 
method. 
Nidek Sphere vs. Retinoscopy Sphere When we compare the Nidek 
average sphere to the retinoscopy sphere power, and we disregard all values 
less than one diopter (n=34), 68% of the sphere values were with in 0.50 D of 
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the retinoscopy value, 26% were within 0.58 D and 1.00 D and 6% were within 
1.08 D and 1.25 D. When only sphere values greater than 4.00 D were 
considered (n=13), 77% of the values were within 0.50 D of the retinoscopy 
sphere value and the remaining 23% of the values were between 0.58 D and 
0.67 D. 
Retinomax Sphere vs. Retinoscopy Sphere Disregarding all values less 
than one diopter (n=34), 36% of the Retinomax average sphere values were 
within 0.50 D of the retinoscopy sphere power, 32% were within 0.58 D and 
1.00 0 and 32% were within 1.08 D and 1.67 D. When all of the sphere values 
less than 4.00 D were disregarded (n=13), 15% of the values were within 0.50 
D of the retinoscopy value, 46% were within 0.58 D and 1.00 D, and 39% were 
within 1.08 D and 1.67 D. 
Nidek Sphere vs. Subjective Sphere When all sphere values less than 
one diopter were disregarded (n=34), 91% of the sphere values were within 
0.50 D of the subjective and the remaining 9% were between 0.58 D and 0.67 D 
of the subjective. When all sphere values less than 4.00 D were disregarded 
(n=13), 77% of the sphere values were within 0.50 D of the subjective sphere 
value and the remaining 23% were within 0.50 D and 0.67 D. 
Retinomax Sphere Vs. Subjective Sphere When all sphere values less 
than one diopter are disregarded (n=34), 38% of the Retinomax sphere values 
were within 0.50 D of the subjective, 50% within 0.58 0 and 1.00 D, and 12% 
within 1.08 D and 2.00 D of the subjective. When all sphere values less than 
4.00 D were disregarded (n=13), 23% of the sphere values were within 0.50 D 
of the subjective sphere, 62% were within 0.58 D and 1.00 D, and 15% were 
within 1.42 D and 2.00 D. Table 5 displays sphere power differences from the 
Retinomax. 
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Nidek Cylinder Power vs. Retinoscopy Cylinder Power The comparison of 
the Nidek average cylinder power to the retinoscopy cylinder power, with 
powers less than one diopter disregarded (n=12), 50% were within 0.50 D of 
the retinoscopy cylinder power. The remaining 50% were within 0.58 D to 1.00 
D from the retinoscopy cylinder power. 
Retinomax Cylinder Power vs. Retinoscopy Cylinder Power If all cylinder 
powers less than one diopter were disregarded (n=12), 67% of the Retinomax 
cylinder powers were within 0.50 D of the retinoscopy cylinder value, and the 
remaining 33% were within 0.58 D and 1.00 D. 
Nidek Cylinder Power Vs. Subjective Cylinder Power If all cylinder 
powers less than one diopter were disregarded (n=12), 92% of the cylinder 
values were within 0.50 D of each other, and 8% were within 0.58 D and 1.00 D. 
Retinomax Cylinder Power vs. Subjective Cylinder Power If all cylinder 
powers less than one diopter were disregarded (n=12), 67% of the cylinder 
values were within 0.50 D of each other, and 33% were 0.58 D to 1.00 D of 
each other. Table 6 displays cylinder power differences from the Retinomax. 
Nidek Cylinder Axis vs. Retinoscopy Cylinder Axis Again, disregarding all 
cyl inder powers less than 1.00 D, 67% of the Nidek cylinder axis measurements 
were within 0-1 0 degrees of the retinoscopy cylinder axis, 17% were within 11 -
20 degrees, 8% were within 21-30 degrees, and the remaining 8% were within 
31-35 degrees. 
Retinomax Cylinder Axis vs. Retinoscopy Cylinder Axis When comparing 
Retinomax cylinder axis, again disregarding all cylinder powers less than one 
diopter, 50% of all axis measurements were within 0-10 degrees of the 
retinoscopy axis, 42% were within 11-20 degrees and 8% were within 21-25 
degrees. 
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Nidek Cylinder Axis vs .Subjective Cylinder Axis The Nidek cylinder axis, 
again disregarding all cylinder powers less than one diopter had 83% of all axis 
values within 10 degrees of the subjective cylinder axis, 8.5% within 11-20 
degrees, and 8.5% within 21-25 degrees. 
Retinomax Cylinder Axis vs. Subjective Cylinder Axis The Retinomax 
cylinder axis, again disregarding all cylinder powers less than one diopter, had 
83% of all values within 1 0 degrees of the subjective cylinder axis and 16% 
were within 11 and 15 degrees of the subjective. Table 7 displays cylinder axis 
differences from the Retinomax. 
The visual acuities measured from the Nidek refraction showed that 97% 
were 20/20 or better and the remaining 3% were 20/25. The visual acuities 
measured from the Retinomax refraction showed that 70% were 20/20 or better, 
20% were 20/25 to 20/30 and the remaining 1 0% were worse than 20/30. The 
comparison of visual acuities from each refraction is found in Table 8. 
DISCUSSION 
Hyams found that compared to subjective refraction, retinoscopy 
overestimates myopia, hyperopia and astigmatism and more accurately 
determines cylinder power than sphere power. (10) There is mixed opinion 
about the discrepancy between retinoscopy and subjective refraction. Charman 
(11) has proposed a number of factors to account for this discrepancy. 
Presumably, these factors may relate to the autorefractor since it uses a similar 
mechanism for determining refractive error. Zadnik et al (12) remarked that the 
repeatability of subjective refractions performed on two different occasions is 
better than retinoscopy but still not as reliable as autorefraction. Rosenfield 
states that refraction, whether automated or subjective, is only repeatable to 
±0.50 D (13) . In test-retest of the Nidek AR-1100 and the Retinomax, we found 
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both machines to have very good precision. For sphere value, each 
autorefractor had a standard error of just over ±0.25 D (±0.262 D for the 
Retinomax, ±0.295 D for the Nidek). For cylinder power, the autorefractor's 
standard error was less than ±0.1 0 D (±0.063 D for the Retinomax, ±0.072 D for 
the Nidek). Obviously, both autorefractors easily met Rosenfield's test-retest 
criteria. 
Wesemann and Rassow (2) compared seven tabletop autorefractors to a 
subjective refraction and found that the spherical equivalent differed by less 
than 0.51 D in more than 80% of all cases. Cylinder power error was smaller 
than 0.51 D in more than 90% of all cases. The autorefractors had larger errors 
with IOL's, aphakic eyes, and cloudy media. Our study agrees with the findings 
of Wesemann and Rassow when comparing the Nidek tabletop autorefractor 
with subjective refraction. 
Our data showed a significant difference when comparing the Retinomax 
average sphere to both the retinoscopy and subjective sphere values. 
Interestingly, a closer look at these figures shows that most of the discrepancy 
was in subjects with a spherical refractive error of -4.00 D or greater. In this 
group, the Retinomax consistently under-minused the spherical component of 
the subject's refractive error. This consistent under-minusing is also what 
contributed to the significant difference found in the visual acuity 
measurements. Our data also showed a significant difference when comparing 
the Nidek average sphere and average cylinder power value to the subjective 
values. However, clinically, 91% of the Nidek sphere values were within 0.50 D 
of the subjective sphere value when all sphere values less than 1.00 D were 
disregarded. Likewise, 92% of the Nidek cylinder power values were within 
0.50 D of the subjective cylinder power value when all values less than 1.00 D 
were disregarded. The cylinder axis placement was compared to retinoscopy 
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and subjective cylinder axis by the degrees difference between the two 
methods. By this determination, both the Nidek and Retinomax had 83% of the 
axis measurements within 1 oo of the subjective axis placement. Again, for this 
comparison, all cylinder power values less than 1.00 D were disregarded. 
Throughout the study, we included all values for sphere power and 
cylinder power for statistical evaluation. However, for clinical comparison, we 
have omitted all sphere powers and cylinder powers that are less than 1.00 D. 
There are several reasons why we thought this would be appropriate. Primarily, 
because these low values fall within the range of measurement error. That is, a 
refractive error of 0.50 D is within the measurement error of emmetropia. Any 
sphere or cylinder power less than 1.00 D is going to give greater variation in 
refraction due to accommodation and blur interpretation by the subject. 
Furthermore, such low values are unlikely to appreciably affect acuity. An 
uncorrected 0.25 to 0.75 D myope is still able to achieve a fairly good visual 
acuity even without correction. Also, it is much more difficult to determine 
cylinder axis placement with less than 1.00 D of cylinder power. 
The statistical comparison and presentation of refractive data, especially 
cylinder axis, has long been a subject of debate in optometric research. These 
difficulties are compounded by the reality that many researchers choose 
inappropriate statistical descriptors for their data. Indeed, this study suffers from 
both of these concerns. For our analysis, we chose to consider the spherical 
value, the cylinder value and the cylinder axis as separate entities. Clinically of 
course, this is nonsense. As every clinician is aware, these values cannot stand 
alone. However, there remains a decided and lamentable lack of a way to 
effectively present and compare refractive data. Researchers of autorefraction 
and subjective refraction have proposed many ways to cope with this problem. 
Among the most inventive is a method presented by Rubin and Harris who 
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convert the refractive data into three component vectors and display the data as 
stereo pairs wh ich the reader fuses in free space (14). This method suffers from 
an excess of complexity, requiring a computer program to convert the data and 
plot the graphs. Furthermore, not all readers, even of optometric literature, can 
be expected to posses the binocular skills necessary to fuse and perceive the 
graphs. 
McCaghrey and Matthews (4) propose a more intuitive method of data 
presentation wh ich is based on residual refraction. This is essentially an over-
refraction of the autorefraction which measures how much over or 
undercorrection the autorefraction generates. This method does not lend itself 
to statistical comparisons as each residual refraction must be inspected on its 
own and judged by various criteria. Furthermore, they point out that the method 
works quite well when cylinder axis are the same. Unfortunately, when cylinder 
axis is different, complicated cross-cylinder calculations must be performed. 
Cross cylinder calculations have their greatest utility with high amounts of 
cylinder powers located at different cylinder axes. In our study, there were few 
subjects with high amounts of cylinder. Our calculations typically involved low 
and medium cylinder powers at very similar axes. The accuracy provided by 
cross cylinder calculation would have been extraneous in light of the standard 
error of our measurements. We do not feel that the results would have been 
altered significantly by using cross cylinder equations. However, any study that 
focuses specifically on subjects with high amounts of cylinder should consider 
the cross cylinder formula as a way to precisely calculate average cylinder 
power and axis. Cross cylinder calculations make for tedious data analysis but 
it automatical ly factors in the necessity of higher cylinders having a greater 
degree of axis accuracy than lower powered cylinders. 
page. 11 
In general, researchers resort to separating the refractive components as 
we have done. McCaghrey and Matthews (4) point out the peril of this method 
with the following example. If an autorefractor provides a refraction of +2.00 -
1.00 x 090 while the subjective refraction is +2.00 -1 .00 x 180, the sphere and 
cylinder powers will be determined to be quite accurate, which in a sense they 
are. However, the refraction is clearly invalid due to the extreme misplacement 
of the cylinder axis. 
Cylinder axis is another area of concern in studies of refraction. We 
chose to represent this as degrees of difference from the subjective cylinder 
axis. This method is perhaps the most straightforward and clin ically useful. The 
Retinomax did have more variation in cylinder axis placement than the Nidek 
did, but we must consider that al ignment of the instrument is done manually. 
With this point in mind, we must agree that clinically, this is an acceptable 
amount. 
We feel that the visual acuity is a simple way to compare refractions as a 
whole value, without resorting to complicated calculations and unintuitive 
methods of presentation. By definition, a subjective refraction achieves the best 
possible acuity, but researchers rarely include acuity in autorefractor studies. 
Indeed, a refraction may provide any range of values, but without a visual 
acuity, the value of the refraction is very slight. We would encourage the use of 
acuity data as it is easily collected, presented and understood. 
A significant drawback to using visual acuity as a method of comparison 
is that visual acuity tends to be less affected by too much minus power than too 
much plus power. Thus, a refraction could over-minus a subject and still 
produce a very good visual acuity. Of course, this applies to subjective 
refraction as well as autorefraction. Subjective refraction attempts to avoid 
over-minusing by coming out of a plus fog. Similarly, the autorefractor provides 
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a fog to relax accommodation. Over-minusing is particularly easy with young 
myopes who are able to utilize accommodative reserve to achieve good acuity. 
Our study subjects were mostly young myopes. Among them, a group of high 
myopes were under-minused resulting in poor acuity. It is just as possible that 
other subjects were over-minused but that their acuity was unaffected. Another 
factor, is that a subject may achieve good acuity through the spherical 
equivalent of their refraction. 
A refinement of the use of acuity would be to use a method other than 
Snellen acuities. This type of data would benefit from the use of acuities which 
provide a more regular and precise delineation of data points. For example, our 
results included many subjects who achieved 20/15 acuity. Our chart included 
a 20/25 line and a 20/15 line, but acuities above 20/30 were measured only in 
steps of ten. This is somewhat artificial as a subject may possess 20/35 acuity 
which is then recorded as 20/40. 
CONCLUSION 
The Nidek performed better with high refractive errors, but we expect that 
subsequent generations of the Retinomax will address this issue. Both 
machines exhibited good precision and acceptable accuracy. The Nidek 
provides slightly better refraction which could be due to the stability of a table 
mount autorefractor compared to a handheld model. Also Nidek has developed 
several generations of autorefractors, whereas the Retinomax represents a new 
direction in autorefractor technology. When Retinomax features such as 
portability and ease of use are considered with the clinically acceptable 
accuracy and precision of the machine, most clinicians will agree that the 
Retinomax is a useful clinical alternative to a tabletop autorefractor. 
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Table 1 - Subject Sphere Distribution (n=61) 
Sphere Amount Frequency Percentage 
+1.25 D 1 1.6 
+1.00 D 1 1.6 
+0.75 D 1 1.6 
+0.50 D 4 6.6 
+0.25 D 2 3.3 
no sphere 5 8.2 
-0.25 D 7 11.5 
-0.50 D 3 4.9 
-0.75 D 5 8.2 
-1.00 D 2 3.3 
-1.25 D 1 1.6 
-1.50 D 1 1.6 
-1.75 D 1 1.6 
-2.00 D 1 1.6 
-2.25 D 2 3.3 
-2.50 D 5 8.2 
-2.75 D 1 1.6 
-3.00 D 2 3.3 
-3.25 D 2 3.3 
-3.50 D 0 0 
-3.75 D 1 1.6 
-4.00 D 2 3.3 
-4.25 D 1 1.6 
-4.50 D 1 1.6 
-4.75 D 1 1.6 
-5.00 D 0 0 
-5.25 D 1 1.6 
-5.50 D 1 1.6 
-5.75 D 0 0 
-6.00 D 3 4.9 
-6.25 D 1 1.6 
-6.50 D to -7.50 D 0 0 
-7.75 D 2 3.3 
Total 61 99.6* 
* = does not equal 1 00% due to roundmg 
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Table 2 - Subject Cylinder Distribution (n=61) 
Cylinder Amount Frequency Percentage 
no cylinder 20 32.8 
- .25 D 13 21.3 
-.50 D 10 16.4 
- .75 D 6 9.8 
- 1.00 D 3 4.9 
- 1.25 D 3 4.9 
- 1.50 D 1 1.6 
- 1.75 D 3 4.9 
- 2.00 D 1 1.6 
- 2.25 D 1 1.6 
Total 61 99.8* 
* = does not equal 1 00% due to roundmg 
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Table 3 - Precision of Autorefractors 
Retinomax Nidek 
Sphere (D) Cylinder (D) Sphere (D)J C_ylinder (D}_ 
Standard ±0.262 ±0.063 ±0.295 ±0.072 
Error 
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Table 4 - Refraction comparison by significance 
Y = Significantly different at 90% by Scheffe F-test 
N = not significantly different at 90% by Scheffe F-test 
r2 values in ( ) 
SPHERE 
Retinomax Nidek 
Nidek y (.980) 
Retinoscopy y N 
Subjective y (.966) y (.983) 
CYLINDER 
Retinomax Nidek 
Nidek y 
Retinoscopy N N 
Subjective N y 
VISUAL 
ACUITY Retinomax Nidek 
Nidek y 
Retinoscopy y N 
Subjective y N 
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Table 5 - Retinomax Sphere Value Differences when compared 
to Retinoscopy, Subjective and Nidek Autorefractor (Frequency 
and Percentage) (n=61) 
Difference from Retinoscopy Subjective Nidek 
Retinomax (Dj_ frequen91_ percentaqe frequency percentaqe frequency percentage 
no difference 4 6.6 3 4.9 2 3.3 
+.25 D 13 21 .3 14 23.0 33 54.1 
± .50 D 10 16.4 15 24.6 18 29.5 
± .75 D 10 16.4 17 27.9 8 13.1 
+ 1.00 D 13 21.3 8 13.1 0 0 
+1.25 D 8 13.1 1 1.6 0 0 
± 1.50 D 1 1.6 2 3.3 0 0 
± 1.75 D 1 1.6 0 0 0 0 
+ 2.00 D 0 0 1 1.6 0 0 
+ 2.25 D 1 1.6 0 0 0 0 
Total 61 99.9* 61 100.0 61 100.0 
*= does not equal 1 00% because of roundmg 
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Table 6 - Retinomax Cylinder Power Value Differences when 
compared to Retinoscopy, Subjective and Nidek Autorefractor for 
subjects with cylinder of -.75 D or greater (n=18) 
Difference from Retinoscopy Subjective Nidek 
Retinomax (D) frequency percentaQe frequency percentaQe frequency percentaqe 
no difference 1 5.6 2 11 .1 1 5.6 
± .25 D 6 33.3 7 38 .9 5 27.7 
+.50 D 4 22.2 5 27.7 7 38.9 
+.75 D 3 16.7 3 16.7 3 16.7 
+1.00 D 4 22.2 1 5.6 1 5.6 
± 1.25 D 0 0 0 0 0 0 
+1.50 D 0 0 0 0 1 5.6 
Total 18 100 18 100 18 100.1 
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Table 7 - Retinomax Cylinder Axis Differences when compared to 
Retinoscopy, Subjective and Nidek Autorefractor for subjects 
with cylinder of -. 75 D or greater (n=18) 
Difference from Retinoscopy Subjective Nidek 
Retinomax frequency percentage frequency percentage frequency percentage 
no difference 2 11 .1 3 16.7 1 5.6 
+ so 4 22.2 5 27.8 7 38.9 
+1 0° 1 5.6 4 22.2 6 33.3 
+15 ° 4 22.2 3 16.7 1 5.6 
+ 20° 2 11 .1 1 5.6 2 11 .1 
+ 25° 2 11 .1 1 5.6 0 0 
+ 30° 0 0 0 0 1 5.6 
± 35° 0 0 0 0 0 0 
± 40° 0 0 1 5.6 0 0 
Total 15* 83.3 18 100.2 18 100.1 
* does not equal 18 because 3 subjects were found to have no cylinder w1th 
retinoscopy 
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Table 8 - Percentage of Snellen Acuities Generated by each 
method of refraction (n=61) 
VA Retinomax Nidek Retinoscopy Subjective 
20/10 0 0 0 1.6 
20/15 32.8 60.6 44.3 75.4 
20/20 37.7 36.1 29.5 23.0 
20/25 11.5 3.3 13.1 0 
20/30 8.2 0 13.1 0 
20/40 4.9 0 0 0 
20/50 3.3 0 0 0 
20/60 0 0 0 0 
20/70 0 0 0 0 
20/80 1.6 0 0 0 
TOTAL 100 100 100 100 
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